equally sudden and of the gravest magnitude.
Among the many conditions which are apt to be associated with fits indistinguishable from those of idiopathic epilepsy we may enumerate the following:
(1) Very severe haemorrhage.
(2) Various infantile conditions. (3) Eclampsia. (4) Organic brain disease. (5) Experimental local stimulation of cortex by electric current. (6) Uraemia. (7) Various poisons, such as lead, and noticeably absinthe.
flbebical Zection, The striking difference between the fits that may occur in some of the above affections and those of idiopathic epilepsy is that they do not of necessity tend to recur and recur over a long period of years in the manner characteristic of epilepsy. Now in most of the above-mentioned conditions the fits are, or may be, at times indistinguishable from those of the idiopathic disease, and it would be singular indeed if such a variety of causes could produce the truly remarkable series of events known as an epileptic fit, unless through the intervention of some factor common to all.
In this paper it is submitted that the theory that a sudden failure of the cerebral circulation is the immediate factor in the genesis of epileptic and many other convulsive fits is worthv of re-consideration.
THE ASSOCIATION OF SYNCOPAL AND CONVULSIVE SEIZURES WITH
BRADYCARDIA AND OTHER CARDIAC AFFECTIONS.
It is well known that in cases of Stokes-Adams disease (heart-block), &c., cessation of the heart-beat for more than a few seconds is associated with transient unconsciousness, with or without convulsive movements. The following cases have been selected from the literature as being of value in this connection, and they will be followed by evidence of failure of the cerebral circulation in epilepsy itself. Bristowe [1] quotes the case of a man, aged 31, an ex-soldier, who had suffered from syphilis and ague. Without going into details, it may be said that he was suffering from fits associated with an exceedingly slow pulse, sometimes not more than 26 per minute. The fits always came on at the end of an unusually long interval between successive cardiac beats; "while the pulse was at the rate of one beat in three seconds, or even four seconds, no fit occurred, but whenever, and only when, the intermission was prolonged to five seconds, a fit followed at the end of that period." The fits " vary in length, but insensibility only lasts for a few seconds. He becomes very pale before each fit, then flushes, and while insensible his hands twitch a little." " That the epileptic seizures came on only at the end of a cessation of the pulse for five seconds was repeatedly verified, and not only by the finger on the radial artery, but also by listening to the sounds of the heart." The man had a loud apical systolic murmur.
Dr. A. T. Gibbings [2] records the case of a man, aged 66, with very slow pulse dropping as low as twelve per minute, with still more marked convulsions. " The face became deadly pale, the pupils dilated and the eyes fixed; the pulse ceased to be felt at the wrist. After a few seconds it returned feebly; the face then flushed all over, and clonic convulsive tremors lasted for five or six seconds. The first indication of the attack was the non-recurrence of the usual pulse beat. He generally had an aura consisting in a feeling of hot fluid at the back of the neck." R. F. Benham [3] records the case of a woman who, at the age of 65, had several fits one morning, and "while I was enquiring into their nature with two fingers on her radial pulse, the latter suddenly stopped, she becamne blanched, the eyes fixed and unconscious, and general tonico-clonic spasms occurred which lasted for about fifteen seconds. About fifteeg similar attacks occurred over a period of two and a half hours, and I was able to predict each by the sudden stoppage, as it were, not only of the radial and carotid pulses, but also by the arrest of the heart's action when in complete diastole. Alfred Webster [4] reports the. case of a man, aged 48 "From the sphygmographic tracings it was seen that there wvere long intervals during which no pulse was appreciable at the wrist. These intervals sometimes lasted for ten or fifteen seconds. If the finger were kept on the pulse, the following facts were observed and noted in order of their appearance: First the pulse became suspended; then, and almost at the same moment, the face became rapidly and extremely pale. If the period of absence of the radial pulse were only of short duration, say of four or five seconds, there was a general crescentdo return of the pulse and a coincident flushing of the face. During these short pauses the patient appeared to be merely sleeping. Frequently, however, the period lasted much longer-ten, fifteen and twenty seconds elapsing between the pulse beats. During this time, commencing with the disappearance of the pulse, the pallor of the face became more and more marked; later on, however (perhaps after some fifteen seconds of absence of pulse), spasmodic twitchings of the face were observed; then as the period lengthened the spasmodic movements extended to the muscles of the neck, frequently carrying the head to one or other side, and ultimately the arms and legs took part in the convulsive movement. Flushing of the face and the return to consciousness were always almost simultaneous with the appearance of the pulse at the radial artery, the pulse being felt slightly before the flushing of the face was observed. Auscultation over the pnrecordium during these pauses discovered what appeared to be abortive beats of the heart, but these beats were not appreciable to the finger at the radial pulse, or indeed in any of the superficial arteries."
Webster's paper is accomiipanied by a series of sixty beautiful sphygmographic tracings from his case, which establish beyond question that the arrest of the pulse preceded the epileptiform attack.
Dr. George Murray [5] , in his Bradshaw Lecture on Exophthalmic Gottre, describes the case of a young woman, aged 22, whom he was treating with the preparation of dried milk of thyroidectomised goats, known as "rodagen." Whether the result of the rodagen or not, she developed sudden cardiac failure with bradycardia, and one day, "between 7.20 and 11 a.m., she had numerous attacks, in each of which the heart, which was, as already described, beating slowly, would stop altogether for several seconds; a convulsion then took place, which lasted two or three seconds. The patient was conscious at the onset of the convulsion, but lost consciousness for a second or two at the end of it. One or two of these attacks occurred while I was auscultating the heart, and the long period of asystole was remarkable; the slow pulse was irregular at the time. After 11 a.m. she had no return of the attacks." These seizures vary in severity from a transient dazed feeling to a momenta,ry unconsciousness and to severe convulsions.
A very good example is recorded by Hay and Moore [6] in which the convulsive movements " varied froom slight twitching movements and rigidity to a severe general convulsion." In their case the periods of ventricular asystole were at times as long as seventy-five seconds. The convulsive movements always came on towards the end of the seizure.
Another most instructive case was recorded last year by Finny [7] . The patient was a woman, aged 42, who suffered from bradycardia and arrhythmia of the heart from April, 1904, to March, 1906. Without entering into any details as to the cardiac condition, it may be stated that the pulse-rate was, as a rule, between 21 and 28 per minute. At varying intervals, however, the rate changed, and a state of pulselessness lasting from five to fifteen seconds supervened. During these latter periods certain fits or, as she described them, " weak turns," developed. Frequent observations determined the fact that the fits were not simply due to the infrequency of the pulse, for they did not occur while the pulse-rate was as slow as 18 or 20 per minute, but that they were sure to occur when pauses of eight to ten or fifteen seconds were observed, and that they occurred towards the end of the period of cardiac asystole. Dr. Finny gives the following description of the fits:-" A 'weak turn' was ushered in and preceded by a delay in the heart's beat and radial pulse. Thus, when a pause lasted seven to ten seconds the patient's face became pale, the eyes had a very pained and frightened look, and some little restlessness of the head and hands ensued; and it ended by a slight flushing of the cheeks, some tears in the eyes, and the patient would give a slight d-15 sigh, or little hem or cough, and the weakness would be over. The 'slight fit' came on with a soreness or sharp feeling in the stomach and left side of the thorax, which would then extend up the right side of the chest into the head and eyes. The pallor of the face would be more marked, the eyes would turn up to the right side, and the hands would fidget and the fingers catch at the sheets. The patient always came out of this fit in a more frightened and slightly dazed manner, and the eyes had a strained and somewhat blind look for some minutes. The 'severe fit' was more distinctly epileptic, with sudden onset, the patient falling back if sitting up in bed, great pallor, convulsive movements of hands and arms, and also slightly so of feet, unconsciousness for five or ten seconds, and then great flushing of the face, and the patient came out of it very confused, and she was dull and nervous the whole day following. She never bit her tongue or passed urine in them."
Other cases could be quoted, but the above are enough to justify the statement that cessation of the heart for a limited number of seconds is associated with transient loss of consciousness which may be absolutely indistinguishable from petit mal (indeed Finny regarded and treated hi-s patient for such on first seeing the case), and that with more prolonged cardiac arrest definite convulsive seizures are brought about, which attacks again may be practically indistinguishable from those of major epilepsy.
In such cases of heart-block, moreover, the cardiac arrest is the result of heart disease. That the unconsciousness and convulsions in these cases are directly dependent upon a primary failure of the cardiac contraction, and therefore of the cerebral circulation, is obvious:
If evidence is forthcoming that in idiopathic epilepsy a comparable failure of the cerebral circulation occurs, the evidence will be strong that, as in the cases above recorded, the relation between the circulatory failure and the fits will be one of cause and effect. Such a sudden failure in the cerebral circulation might be due to a sudden cardiac inhibition or to a sudden vaso-motor spasm in the cerebral arteries. We will consider both possibilities.
EVIDENCE OF CARDIAC ARREST IN IDIOPATHIC EPILEPSY.
Moxon [8] , when examining a patient with cardiac dropsy, notes: "I was feeling his pulse carefully; the beats were regular and of moderate strength. . . . I missed one, then another beat, and then found the pulse to have stopped so entirely that it made me look up suddenly at the man to see what was the matter. His face had become very pale, his head was turned towards his left shoulder, and the lip and cheek were twitching; the spasms then affected his arms, and he passed into a severe epileptic convulsion.
At the time when I first noticed the pulse to disappear the man's arm was quite still. I tried to feel the pulse during the convulsion, but there was so much muscular movement that I could not distinguish it."
On another occasion Moxon was examining the pulse of a im-an who had been adinitted to hospital for ureeinic voniiting and convulsions: " I took his wrist and felt his pulse; it was forcible and regular. I was feeling it when it disappeared from under my finger, many beats being misse(l. I looked at him ; he had become very pale in the tace, twitching set in, and he at once went into a very severe epileptic convulsion."
Moxon's house physician, Mr. Lane, corroborated the samiie fact twice on the samiie patient. Moxon noted a thiud examl)le in an epileptic " I was examining the heart of a young gentleman who was asking my advice on account of attacks of epilepsy. He was stannding and I had my stethoscope over his heart and was attending to the quality of tlle sounds. These sounds stopped sud(lenly and so completely that in great surprise I moved to look at him, and saw him with exceedingly pale face, evidently quite unconscious, his balance just lost and he falling forwards. He forthwith went into severe epileptiform convulsions." At the conclusion of his lecture Dr. Southey informed Moxon that, in the only instance in which he had his finger on the pulse at the beginning of an epileptic convulsion, he observed the pulse to disappear during the onset of the attack. Moxon further renmarks that "I have found the pulse present again when the clonic spasmis have just comnenced." He attributed the cessation of the heart to the action of the pneuinogastric nerve, but recognised the fact that the cause of this pneumogastric impulse was yet to seek. Hilton Fagge [9] records a simuilar case. He was listening to the heart of an epileptic when it ceased to beat and the main fell back. Presently it reconlmmenced to beat, and then there was a little twitching of his hands.
The writer [10] has recorded a similar case coming under his own observation, and another communicated to him:-"The patient, C. T., was a man, aged 21. He had suffered from epileptic fits all his life. A maternal aunt had also been subject to fits all her life. The patient's fits commenced with an aura which was referred to by him as an indescribable sensation in his navel. The majority of his fits occurred in bed at night; sometimes in his waking moments. Any emotional excitement was very apt to precipitate a fit. On April 21 he developed a fit in the out-patient room. He uttered a cry and was seen to be rubbing his hands together. His pulse was immediately examined for, but was not palpable. He was just cominencing the stage of tonic spasm when the wrist was seized. This tonic spasm lasted for about three-quarters of a minute, perhaps a minute. Dr. E. W. Hedley, who examined the other wrist, also corroborates the absence of the pulse during the tonic phase. It was not easy to determine exactly when the pulse returned, but we feel certain that the pulse did not return until the clonic phase. At first it was feeble, but as the fit subsided it became fuller and stronger. Dr. W. T. Harris, of Chiswick, has kindly told me of another case which occurred in his practice. A man came to have a tooth extracted. While applying the forceps the patient's head suddenly fell back, and his face turned exceedingly pale. On feeling for his pulse Dr. Harris found it to be absent. Thinking that it was a severe syncopal attack, he attempted to give the patient some sal-volatile, but clonic convulsions intervened. These were slight and very transient, consciousness being regained almost immediately. Within a few minutes, however, the patient again turned very pale and became unconscious with tonic spasm. Dr. Harris again noted complete absence of the radial pulse, but at the commencement of the clonic stage a feeble pulse appeared at the wrist, which gradually improved as the fit subsided. On questioning the patient, he acknowledged having had two previous epileptic fits. " The peculiar significance of this case lies in the fact that the complete absence of the pulse and the patient's extreme pallor led Dr. Harris to believe that it was a fatal attack of syncope.
In another case a girl, A. L., aged 12, was subject to both major and minor attacks, the latter being described as attacks of giddiness. She has suffered from epilepsy since the age of 6. On one occasion I was feeling her pulse. She was telling me of her state during the past fortnight and was saying that she was that day feeling perfectly well. She was not nervous at the time, but suddenly the pulse stopped, she gave a short cry, clutched at my coat, and sat down in a chair by which she had been standing. She did not lose consciousness. The cardiac arrest was of very short duration, probably about five seconds, and the heart then began to beat again, but the pulse was extremely feeble for a few contractions, perhaps from fifteen to twenty, and then rapidly increased in force so that within about half a minute from its reappearance it had regained its previous state. A few minutes later its rate was 124, a rate very common in this particular case. The above attack was a typical example of many of her minor seizures. She herself complained of giddiness and thought she was going to have a fit, as this sensation usually preceded a major attack, though an accompanying aura, a feeling of a desire to micturate, was absent. The child is always much frightened by these attacks.
Here was a case of cardiac inhibition in what might be calledpetit mzal, but which I think would be more accurately described as an incomplete or abortive major attack. The cessation of pulse and the child's cry were, I think, simultaneous. Moxon [8] quotes Hughlings Jackson's observations of the disappearance of the pulse at the onset of attacks of petit mal on several occasions. But cardiac inhibition is certainly not necessary for the production of petit mal. I was on two occasions feeling the pulse of a boy subject to these attacks when one supervened. No arrest occurred, nor was there any obvious change in the pulse-rate, though I was inclined to think that the tension was increased during the attack.
A transient spasm of the cerebral arteries might underlie these attacks. In the case of the boy just mentioned, he was unaware of his attacks, whereas the girl recognised them and dreaded them very much; but they are clearly cases of very different type. It is not contended that complete cardiac arrest occurs in every epileptic convulsion, for it is stated that the pulse may persist throughout a fit, but an extreme feebleness, short of absolute cessation, might be sufficient to initiate a fit. The following case, for example, which occurred under the author's own observation, might well be described as a fainting fit but for collateral evidence.
The patient, T. A., was a youth, aged 20. He came to hospital having had a "fit" the previous day. He had had only one fit previously, twelve months ago. His facies was typically epileptic. He attended hospital for three weeks, and during that time had one more attack. On his last attendance he complained of pain over a sebaceous cyst situated over his right mastoid process. His pulse was 74 per minute, but was small and rather feeble. He flinched on examination of the sebaceous cyst, turned very pale, and rolled back in the chair unconscious. His pulse was found to be extremely feeble. There were no spasms whatever and the unconsciousness lasted for about a minute, when he gradually regained his senses. This attack could only be called a faint. In two or three minutes, however, heagain turned pale and fell back, but with this difference, that there were several clonic spasms of his face and one spasm in his arms. His pulse was under examination when he rolled back, and it became so feeble during the period of unconsciousness as only to be detected with considerable difficulty. He was stupid for a few minutes and then recovered. After the attack was over his pulse was still very feeble, but on examination with the sphygmomanometer the blood-pressure was found to be 120 mm. of mercury.
Nobody seeing the boy and the second attack could doubt its epileptic 79 Russell: The Pathology of Epilepsy nature, and at the same time the alteration in the pulse in both attacks left little room for doubt but that it was the precipitating factor both of the " faint " and of the " fit." SYNCOPAL ATTACKS.
It is admitted that an attack of syncope is due to cardio-vascular derangement associated with a diminution in the blood flow through the brain. The development of unconsciousness is, as a rule, gradual; the patient feels faint, turns pale, and then may recover or lapse gently into unconsciousness. The pathological condition underlying such an attack is one of lowered blood-pressure produced by inhibition of the heart and vaso-motor centre, with vaso-dilatation of the splanchnic area. When this has reached a certain degree the cerebral blood supply is so diminished that consciousness can no longer be maintained. Concomitant with the splanchnic vaso-dilatation the heart-beat becomes extremely feeble and the radial pulse may be almost imperceptible. The pulse-rate appears to vary, in some cases being quickened, whilst in others it is slowed. The normal physiological accompaniment to a fall in blood-pressure is for the heart-rate to be increased, apparently a conservative effort to raise the blood-pressure.
The sinking feeling at the pit of the stomach, which is so common an event as the result of some sudden and unexpected noise or other stimulus, is probably a sudden dilatation of the splanchnic vessels, and if severe enough would, no doubt, be associated with a sudden loss of consciousness, for it is very noticeable that the so-called faint may be very gradual in onset, or of rapid onset and even sudden. Sir William Gowers [11] has recorded cases in which repeated syncopal attacks have passed into minor epilepsy. One case is as follows:-
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In his commnents on these imost interesting cases Gowers remnarks that-" These cases present strong evidence of the influence of repeated cardiac syncope in disposing to epilepsy. They suggest that the state of the nerve elements that underlies the loss of consciousness in syncope may, by repeated induction, acquire a tendency to spontaneous development, which constitutes minor epilepsy."
Gowers assumes that unconsciousness in syncope is not due primarily to the cardiac failure, but to some state of the nerve elements thereby induced, and that in the above cases it is this state of the nerve eleinents, admittedly brought on at first by cardiac inhibition, which tends to reproduce itself spontaneously.
The explanation I would sug,gest for the above cases is that it was the hypersensitive vaso-m--otor and cardio-regulatory apparatus (hypersensitive as shown by the ease with which a true faint could be induced) which graduallv acquired the tendency to spontaneous development of those cardiac and vascular changes which precipitated the faint, and that this spontaneity, with increased rapidity of onset, was the cause of the change in the appearance of the attacks.
As above remuarked, the onset of a faint mlay be gradual; sometim--es, however, it is rapid, and may be so sudden as to produce a severe fall. It would seem piobable that in such attacks very coinplete cardiac inhibition takes place, of course of very temiiporary duration. It is a notable fact that under the influence of severe shock cardiac inhibition mlay be com-lplete, with sudden death. These more severe and sudden attacks correspond motoe closely to epileptic fits, and the correspondence is all the closer inasmiiuch as imiuscular spasiml is not uncommiion in such attacks.
Patients not infrequently give a history of having had an isolated fit or faint, the nature of which is usually a matter very difficult to decide. On the hypothesis under discussion such attacks are epileptic in nature, in that the pathology of the attack is the same, viz., a sudden failure of the cerebral circulation froml cardiac inhibition, but that the patient is nevertheless not an epileptic, in that the necessary conditions which determine the tendency to recurrence of the fits are not present.
As has been said, a severe faint nmay be attended with muscular spasm. On the other hand, the period of unconsciousness of an epileptic fit muay be devoid of muscular spasmii. Thus, in the case of a patient of iniy own, a boy, aged 14; the aura consists of a tingling of hands which spreads up the arms, a tingling of feet spreading up the legs, abdominal pain, and headache. These aural symptoms may last for some minutes, and are succeded by a fall and unconsciousness, or rather modified consciousness. The boy lies quiet, with no spasms of any sort; his face is pale, with a grey colour round the mouth. If spoken to, he is able to answer with difficulty. His mother has had three fits herself; her brother and her sister's daughter are confirmed epileptics. She has had, therefore, a considerable experience of genuine epileptic fits, and her description of the boy's attacks was clear and precise, yet their epileptic origin is scarcely open to doubt. I do not know what is the condition of the pulse in his attacks.
THE CAUSATION OF CARDIAC INHIBITION IN EPILEPSY.
Moxon attributed the cardiac arrest in his cases to a vagus inhibition of the heart. Francis Hare, in his recent work, upholds the theory of cerebral anaemia as being the pathological factor producing the epileptic fit, and propounds the following statement as representing the sequence of events in the genesis of a fit: " I shall assume provisionally that in epilepsy, as in most of the paroxysmal neuroses, there is an initial widespread area of vaso-constriction tending to cause a rise in the general blood-pressure; that this vaso-constriction, whether because it is sudden or because it is very extensive, leaves no time or room for adequate compensation by an area of vaso-dilatation; and that, consequently, cardiac inhibition through the vagus is demanded to check the continuous rise in the general blood-pressure so induced. So is occasioned a grave modification of the heart-beat, of the nature of slowing and weakening, amounting perhaps quite often to actual cessation. In this way are produced a more or less sudden fall in the blood-pressure and a more or less sudden anemia of the brain, and this is the proximate factor of the unconsciousness and of the convulsions. Synchronous with the initial rise of blood-pressure are the various premonitory symptoms or auree of the fit; synchronous with the sudden fall of blood-pressure is the commencement of the unconsciousness and of the tonic muscular spasm; synchronous with the recommencing or accelerating heart-beats, and the consequent progressive recovery of the blood-pressure, is the relaxation of the tonic spasm and its substitution by intermittent or clonic convulsions, presenting progressively widening intervals. As the blood-pressure continues to rise, the clonic convulsions become less and less frequent, and finally cease."
There is no doubt that in epilepsy the vaso-motor system is remarkably unstable. I have been repeatedly struck by the pulse irregularities present in epileptic patients. In some the pulse-rate is, as a rule, very considerably increased, and yet on other less frequent occasions is abnormally slow. Not only that, but the pulse frequently shows wide variations in the course of a few minutes. In one patient I have seen time after time the pulse so feeble and small that she might, on the evidence of the pulse alone, have been in a state of severe collapse. The volume and pressure also vary very considerably. These variations are just as well marked in old cases inured to hospital as in new ones in whom the pulse might be affected directly as the result of their visit to a hospital. These irregularities are much in excess of those noticeable in patients suffering from other ailments, and must represent a very abnormal vaso-motor regulation. It is probably not unfair to assume that the cerebral circulation in epileptics shows similar variations.
Spratling [13] notes that:
" In 284 cases in which the pulse-beat was noted it was found to run uniformly above the normal in 189,-64 per cent. In 20 cases it was below 70; in 74 cases from 70 to 80; in 161 cases from 80 to 100; while in the remaining 29 cases it was 100 or over. It was counted in every instance during the interparoxysmal period, the patient being entirely free from any immediate epileptic influence."
In an examination of 33 cases to determine the blood-pressure as near to the convulsive period as possible and as remote from the same period as possible, Spratling found an apparent decrease in the blood-pressure just before the convulsive period in 11 cases, and an increase in 21 at the same period, the latter being somewhat more marked in degree than the former. The rapid rise in bloodpressure postulated by Hare might be very transient, and, unless the blood-pressure were under observation at the moment preceding the onset of the fit, would be most difficult of demonstration and even of observation. The sensation of chilliness which sometimes precedes a fit is presumably to be attributed to cutaneous vaso-constriction. If, however, constriction should occur in other regions-the splanchnic area, for instance, or in a large muscular area-the result would be the same, viz., either a compensating vaso-dilatation elsewhere or of necessity a rise in the general blood-pressure. If, instead of the heart responding to this rise in blood-pressure by the customary increased force of beat, its vagus mechanism were too sensitive, or its protecting depressor nerve mechanism at fault, the result might be cardiac inhibition with resulting cessation of the heart, or a marked enfeeblement short of actual cessation, followed by unconsciousness, and, if of more than the most transient duration, would result in the production of convulsions, i.e., an epileptic fit.
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Dr. F. H. Clarke [13A] , in a paper on " Epileptoid Attacks in Tachycardia and Bradycardia," quotes Langendorff's observations on the results of stimulation of the peripheral end of the vagus in rabbits narcotised with chloral: " Electrical stiniulation of the peripheral end of the vagus causes a prolonged stoppage of the heart, with a very remiarkable phenomienon, never hitherto observed, so far as we knowa complete epileptic convulsion occurs ten or fifteen seconds after the diastolic pause.... Precisely similar convulsions are produced by comllpression of the thoracic aorta at a point nearer the heart than where the great vessels are given off to the head."
It has often been observed that during any pyrexial condition there may be either a imiarked diimiinution in the nulmiber of epileptic fits or even a total cessation. Fever mnay produce this result by reason of the peripheral vaso-dilatation and lowered blood-pressure so commllonly associated with it. The success of the old-fashioned m-lethod of treatment of epilepsy by a seton mnight be due to the vaso-dilatation determ-iined by the imiild sepsis. Such vaso-dilatation would be an obstacle in the way of the rise of blood-pressure above postulated.
It is well known that an inhalation of anyl nitrite in the stage of aura will sometiles completelv prevent the further developmient of the fit. It was olbserved in the case associated with cardiac arrest which the same time of only momentary duration, the attack would have been one of petit mal. It is probable that intermediate cases occur in which the relationship to petit mal is still more obvious.
In another case (Case 8) a woman was subject to attacks in which a sudden sense of fatigue was followed by yawning, several times repeated, and then loss of consciousness for a second or two, after which she was well; petit mal in fact. But she did not always thus lose consciousness; sometimes the yawning was followed by a sense of suffocation and cardiac distress, and she felt that unless she kept perfectly still she would faint. The sense of suffocation would continue for one or even two hours, but at any moment might be ended by a moment's loss of consciousness. Gowers points out that the brief attacks were clearly epileptic, but that in the longer ones prolonged vagal symptoms (respiratory and cardiac distress) were interposed, "as if symptoms usually momentary, as the aura of epilepsy, became protracted, extended, as it were, into a vagal attack." But the exact nature of the respiratory and cardiac disttess is not clear. To properly appreciate them would necessitate the opportunity of witnessing them, of taking observations on the pulse and bloodpressure, &c. A widespread vaso-constriction such as was common in Gowers' cases would lead, in the absence of a compensating dilatation in other regions, to increased strain on the heart. Under ordinary circumstances the heart protects itself against too great a rise of blood-pressure by means of an afferent impulse passing up the depressor nerve, which brings about a reflex vaso-dilatation, especially in the splanchnic region. If this mechanism were at fault it is readily conceivable that cardiac distress should result.
In another case (Case 9) a woman, aged 35, had attacks in which a sudden intense sense of suffocation, with a feeling of tightness in the head, was followed after a minute or so by a moment's complete loss of consciousness. On its return she felt cold, first and foremost in her extremities. The coldness was so intense that it made her shiver. After about ten minutes she burst into perspiration, and simultaneously her heart began to beat violently, and the symptoms slowly subsided.
In this case the loss of consciousness was interposed between the initial symptoms and the vaso-motor symptoms, and so on with the other cases, some of which are clearly epileptic. In a similar case of my own, in a man aged 42, a sensation described as of a ball of air rising from the stomach into the throat is succeeded by a feeling of collapse, and sometimes loss of consciousness (petit mat). Usually, however, the sensation is succeeded by a feeling of numbness of legs, 86 which may become quite cold, and a coldness and numbness of fingers. The condition in the fingers is evidently closely allied to, if not identical with, Raynaud's disease, as they have at times become " as blue as a dark blue serge suit." This numbness and coldness of legs may last for two or three hours.
Such cases are doubtless much commoner than is suspected, and their slowness of development renders them more easily accessible to examination. In all, the prolonged symptoms were of the kind which, if momentary, would be described as typical epileptic aurae. At the same time many of them were obviously vaso-motor or cardiac in origin, and that this is recognisable is due to the fact that they were exceedingly deliberate in onset instead of momentary, as is suggested for epilepsy in its ordinary manifestations.
Gowers remarks himself that " velocity is an essential element of ordinary epilepsy, but this does not preclude the possibility of deliberation in attacks not far removed from epilepsy." I submit that these are epileptic attacks, in which deliberation is substituted for velocity.
ON VASO-MOTOR SPASM IN THE BRAIN AS A CAUSE OF EPILEPSY.
This theory of the method of production of cerebral aneemia as the cause of epilepsy has had many adherents. Hallager's monograph upholding this view gives a full historical retrospect [15] . If, as this paper is written to maintain, epilepsy is due to a sudden failure of the cerebral circulation, then vaso-motor spasm of the cerebral arteries, if intense enough, could certainly act as an adequate excitant of a fit. Direct demonstration of such as the excitant would obviously be very difficult, but if it can be proved that such vaso-motor activity does occur, the possibility of such being concerned in the genesis of fits would be established. Until recently it was held that there was no evidence of vaso-motor activity in the cerebral vessels, but the recent demonstration of a copious network of nerve fibres to the cerebral blood-vessels demands a revision of the position.
Harvey Cushing [16] notes that, "contrary to the positive statements of many, substances like epinephrin will blanch the pial vessels over the area of its application, as will occasionally a jet of cold water against the brain or the faradic current used for cortical stimulation."
Baynaud's Disease.-Other evidence of the presence of cerebral vasomotor activity is gained from a study of the phenomena of Raynaud's disease. The most feasible explanation of this condition is that the paroxysms are due to attacks of extreme vaso-constriction occurring in the affected parts. Certain cerebral coimplications occasionally occur in the course of the attacks which would be readily explicable on the supposition of a concomitant constriction of the cerebral arteries. Thus
Osler [17] records the case of a womlan, aged 48, who was subject to the ordinary synmptomiis of Raynaud's disease, but in addition she had three attacks of aphasia with partial right hemiplegia and one of leftsided weakness, occurring with the attack of peripheral Raynaud's (lisease. The facts that these attacks were tra.nsieint, that in each case they were followed by perfect recoverv, and that they occurred concurrently with attacks of peripheral constriction strongly suggest that they were due to spasm of cerebral arteries. A similar case is recorded by Weiss [18] . The patient was a woman, aged 35, who suffered from repeated attacks of Raynaud's disease with gangrene, and, in addition, from various other manifestations, such as sensory disturbances, trophic disturbances in skin, acute atrophy of the left half of the face, &c. She had, however, two attacks of great interest in this connection. They commenced suddenlv. " The patient becaine pale, her lips were blue, and the retinal arteries were narrowed to a striking degree. She had difficulty in finding famniliar words, and she transposed words or syllables, and used wrong ones. Voluntary miiovemlent was not affected in this seizure. The attack was at an end in fifteen or twenty mninutes, speech being quite restored. A similar attack occurred four weeks afterwards." Weiss attributed the condition to a spastic ischwemnia of the speech centre.
That the retinal artery mnay be narrowed with imupairmiient of vision is well known to occur in Raynaud's disease. Such phenomena strongly favour the view that the cerebral arteries, like those in other situations, are subject to variations in their calibre. It is very interesting, miioreover, to note that Raynaud's disease is apt to be associated with epileptic fits, and, indeed, Monro [19] states that 5 per cent. of the cases of Raynaud's disease have suffered from convulsions at some timne or other, and several very striking cases of the association are on record. Thom--as and Osler [20] record the case of a man whose attacks of Raynaud's disease were associated with severe epileptic attacks. The sequence of events was as follows: Firstly, the fingers becaime cold, white and dead, and the nails blue, associated with considerable pain. Then followed general chilliness, with cold feet. These premonitory symptoms lasted for five minutes, and were succeeded by unconsciousness and convulsions lasting for ha.lf an hour. In this case there was, firstly, the arterial spaslml leading to the local syncope of the fingers; and, secondly, general chilliness, probably to be attributed to a general cutaneous vaso-constriction.
If, as a result, a rise of blood-pressure occurred, it would, on Hare's hypothesis, be the factor determ--ining the vagus inhibition of the heart. The convulsions iight also be explained by a vaso-constriction affecting the cerebral vessels, the occurrence of which in cases of Raynaud's disease has been suggested above. Other cases illustrating the association of epilepsy and Raynaud's disease are also on record.
Migrainze. The association of epilepsy with migraine is of considerable interest. It occasionally happens that periodical attacks of illigraine are replaced by ordinary epilepsy, the migraine then ceasing. In miigraine there is undoubted evidence of abnormiial vaso-iiiotor action. Chilliness of the skin is commlllon; the temporal artery on the affected side is often contracted and hard. Relief of the pain often attends compression of the carotid artery. This, and the fact that the pain in the head is of a throbbing character, suggest that the old explanation of a vaso-dilatation of the cerebral vessels is correct. Such a dilatation of the vessels, with resultant increased tension of the dura, &c., would be enough to account for the pain. The brain tissue itself is insensitive, and Harvey Cushing has noted that after excision of the Gasserian ganglion any subsequent headache is onlv felt on the side with the intact fifth nerve, an observation which indicates that intracranial pain is experienced via the fifth nerve. The dilatation can, moreover, be seen. Thus Mollendorff [21] points out that " during the attacks the background of the eye on the suffering side was of a bright scarlet red, the optic papilla red and oedelmlatous, the arteria and vena centralis retinae enlarged, the latter knotty and very tortuous." There is miiuch to be said for the view that the symptoimis of migraine depend upon abnormal vaso-mnotor activity, and that the headache is the result of vaso-dilatation. Gowers records the following unique case: In brief, the patient was a girl, aged 16, who had been subject to periodical attacks of migraine since the age of five years. At 181 she had an epileptic fit during sleep, and since then three others, two during sleep and one when awake. Since the first fit the headaches had been frequent, but were preceded by a brief but very definite visual aura.
The interesting point is that the single epileptic fit which occur'red when she was awake was preceded by precisely the same aura. An interpretation that is possible for this case is that the local vaso-constriction responsible for the premonitory visual mnanifestation was succeeded by a local vaso-dilatation in the attacks of miiigraine, and either by a miiore severe and widespread cerebral vaso-constriction or by cardiac inhibition in the epileptic attack. s89 PETIT MAL. A consideration of the cerebral phenomena attending cases of bradycardia, heart-block, &c., shows us that the attacks present an increasing degree of severity proportional to the length of the period of asystole. There may be merely a transient giddiness, a dazed feeling, a " turn"; or the head may drop forward momentarily, the patient recovering himself immediately; or unconsciousness may be rather deeper though still transient; or a fall with slight spasm; or, finally, a severe general convulsion. Every one of these phases could be duplicated amnong the numerous manifestations of minor and major epilepsy. And when we compare the gradually increasing severity of the manifestations, according to the length of the period of cardiac asystole, with the phenomena of epilepsy, the resemblance is more than suggestive.
Discussing the types and degrees of seizures, Aldren Turner [22] remarks that-The primary types of epileptic attacks denote consecutive stages of the same series of phenomena-stages which may be arrested at any period."
Among various examples given by Turner is the following: "A common form of incomplete attack is seen in fits, the aura of which is a feeling of giddiness followed by a sudden fall from loss of consciousness, but without convulsion. In these cases there are commonly found attacks of giddiness (aura), as well as complete seizures, in which the fall is followed by the usual convulsive phenomena of a major fit."
In other words, the stages of severity observed are, firstly, an attack of giddiness only; secondly, an attack of giddiness followed by a fall from loss of consciousness; and finally the complete fit, terminating in convulsions.
Again, in Finny's case of bradyeardia recorded above, the attacks varied from what were called " weak turns " to " slight fits " and " severe fits." The case was at first regarded as one of petit mal. It is very interesting to note that the slight fits came on with soreness or sharp feeling in the stomach and left side of the thorax, which would then extend up to the right side of the chest into the head and eyes-a definite aura in fact. Finally, in the severe fit the onset was more sudden, there were convulsive movements of limbs, and the patient came out of it very confused and was dull and nervous the whole day following. To say that resemblances such as these are accidental is scarcely sufficient. It is difficult to conceive of any other explanation than an identity of cause. But it cannot be claimed that cardiac inhibition occurs in all cases of minor epilepsy. I have myself observed the pulse to continue apparently unchanged throughout an attack on two occasions. On the other hand, Moxon [8] stated that Dr. Hughlings Jackson informed him that he had observed on several occasions the pulse to disappear during the paleness of the face in the onset of attacks of petit mal. The explanation may perhaps be sought in the possibility of a cerebral vaso-motor spasm underlying some of the attacks of petit mal, and considerable evidence has been brought forward as to such possibility. In other words, whilst the fundamental pathology of petit mal, viz., a diminished blood-supply to the brain, holds good, there may be two ways in which it can be brought about: cardiac inhibition and cerebral vaso-motor spasm. In the first case the cardiac inhibition might be very slight and transient, with merely a dulling of consciousness, or more severe but momentary, in which case the minor attack would be represeiited by a fall; if of still longer duration the more fully developed fit would occur. In other words, cardiac inhibition of varying duration would explain the fact that the epileptic fit shows so many stages of development.
INFANTILE CONVULSIONS.
The similarity between infantile convulsions and those of idiopathic epilepsy is so close that the probability of the same factor underlying the two conditions must be very considerable. The vaso-motor system of the child is much more unstable than that of the adult, and the ease with which einotional disturbance and shock are produced is notorious. In a considerable number of cases the occurrence of apparently ordinary infantile convulsions is the starting point of chronic epilepsy. In other words, of the enormous numbers of children affected with infantile convulsions, some become chronic epileptics while others do not. There is nothing in the type of the fits which enables us to-determine whether chronic epilepsy is likely to follow or not. Only the subsequent history determines this.
It seems hardly open to doubt but that the large numbers of alleged causes of infantile convulsions, such as teething, rickets, worms, acute infections, gastro-intestinal disturbance, fright, and so on, must exert their influence via some common factor. Such a factor might be, as suggested, abnormal vaso-motor and cardio-motor systems with a ready liability to attacks of' vagus inhibition. If this factor is brought into play once only, we have an isolated convulsion; if only a few times, we have a few convulsions. If, however, it is brought into action over and over again, chronic epilepsy is the result. d-16
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Russell: The Pathology of Epilepsy Children are more susceptible to fear than adults. Discussing the effects of fright, J. R. Charles [23] remarks that:-" As regards the vaso-motor apparatus, there is widespread vaso-motor constriction of the cutaneous area, with a feeling of chilliness, shivering, and gooseskin. At the same time there is probably a corresponding vaso-dilatation of some of the internal vessels, as evidenced by the copious secretion of urine, the so-called nervous urine in which the water is increased out of all proportion to the solid constituents, and also by diarrhcea. As a r-ule, the heart beats quickly and violently, but if the impression is very sudden and intense there may be complete arrest of the heart's action. There is frequently a spasm of some of the involuntary muscles, leading to involuntary micturition and less frequently defmcation, and a feeling of oppression and constriction in the chest, possibly due to contraction of the bronchial muscles. . . . Tremor is so common that the verb 'to tremble' has become almost synonymous with the verb 'to fear.' . . . More rarely the mus'cles may become rigid, or be thrown into convulsive movements during moments of great terror. . . . It will be noticed that there are certain points of analogy between the bodily effects of fright and those of cold, viz., the cold surface from vaso-motor constriction, the goose-skin, erection of hair, polyuria, tendency to diarrhma, and tremor."
Speaking of the influence of mental emotion as an excitant of epilepsy, Gowers [24] states:
Of all the immediate causes of epilepsy the most potent are psychicalfright, excitement, anxiety. To these were ascribed more than one-third of those in which a definite cause was given. Of the three forms of emotion, fright takes the first place. The relation of this cause to age is, however, very distinct. It is effective chiefly in early life, when emotion is so readily excited, and is most powerful at the transition from childhood to adult life, while after middle life it is almost inactive. . . . The female sex is notoriously the more emotional, and accordingly the disease results from fright in a larger proportion of females than of males. ... It is also notorious that this difference between the sexes increases as life advances. In childhood one sex is almost as emotional as the other, but with puberty men become far less emotional than women. The influence of fright as a cause of epilepsy is in strict harmony with this fact. Under 10 years of age, the sexes suffer equally. Between 10 and 20, the males suffer less than females, as 3 to 4; between 20 and 30 as 3 to 13; and over 30 the only cases due to this cause occurred in women."
There is little room for doubt that fright exerts a great influenceon the cardiac and vaso-motor systems, and that a severe fright can cause a transient stoppage of the heart. Death has even been known to occur under such circumstances. When we further reflect on the above remarks on the influence of fright in producing epilepsy, the evidence points strongly in the direction that the convulsions of infancy must depend on an affection of the cardiac and vaso-lmlotor systemus, and that the immnediate factor in the attack is either a cardiac arrest or a cardiac failure so severe as to give rise to rapid failure in the cerebral circulation.
The convulsions mnet with at the onset of acute infections in childhood are worthy of discussion. Under sinilar conditions rigors are coninion in the adult, so much so that it is alniost an aphorism that under such conditions a convulsion in a child is the equivalent of a rigor in an adult. I have, however, once seen a convulsion at the onset of pneum-lonia in a non-epileptic adult.
A rigor is associated with mnarked cutaneous vaso-constriction with pallor and sensation of chilliness. The sensitive cardiac and vaso-motor system-ls of the child may not be able to com-lpensate for the rise of blood-pressure thereby induced, and it is to be noted that the oldestablished method of cutting short convulsions in infancy by means of immirIlersion in a warm bath produces a vaso-dilatation of the skin.
ON CERE1BRAL INTRAVASCULAR CLOTTING AS THE CAUSE OF EPILEPSY.
According to John Turner [25] , " Epilepsy is a disease occurring in er sons with a defectively developed nervous systemn, associated with a muorbid condition of the blood, whereby it shows a special tendency to intravascular clotting, and that the inmmllediate cause of the fits is sudden stasis of the blood-streame resulting from-the blocking of cerebral vessels by these intravascular clots." He further describes certain changes in the nerve-cells and the retention of subcortical nerve-cells. In answer to the obvious objection that these clots are the results of the fit, Turner points out that " clots may occur in great quantity in those who have had no fits for a long time before death." But this fact equally bears the interpretation that such clots do not therefore of necessity produce n epileptic fit.
It is difficult to conceive that a process of intravascular clotting could produce an epileptic fit, unless it were extrem-lely widespread, in which case the subsequent destruction of brain tissue would be so great as to be incom-lpatible with the undoubted fact that after a fit the epileptic shows so little imiaterial change, mental or physical. It is not until after a very large numnber of fits that the epileptic, as a rule, becomes so markedly degraded. If, on the other hand, the clotting is very localised, it is equally difficult to conceive how it brings about the extraordinary phenomena of a fit. This applies especially to the sudden loss of 93 consciousness. Why should the blocking of a few small capillaries result in sudden unconsciousness? If I may put it this way, the brain is very tenacious of its attribute consciousness, and a process of intravascular clotting which in its very essence leads to atrophy of brain substance is not likely to produce so extraordinary a phenomenon as sudden unconsciousness followed by an appalling disturbance of the general musculature, when it has been of so slight a degreee as to lead to no subsequent detectable paralysis. I maintain that consciousness is not lost suddenly unless as the result of a very gross lesion. Nothing short of a severe injury or of gross interference wvith the circulation through the brain will produce it. It is difficult also to see why, on this hypothesis, the recovery from a fit is so rapid and so absolute. If, on the other hand, we consider the hypothesis of a sudden cessation (or extreme enfeeblement) of the whole cerebral circulation, the difficulties disappear. Unconsciousness must occur. The phenomena of bradyeardia show that, in proportion as the period of cardiac asystole increases, we have varying degrees of cerebral failure, attacks indistinguishable from those of petit mal, attacks with very transient spasm, .and, finally, definite epileptic fits. Inasmuch as it has been shown that in some cases of idiopathic epilepsy, cardiac inhibition does occur, and precedes the onset of the fit, it is difficult to avoid the conclusion that the fit is the result of the cardiac inhibition, and that the latter is not a mere concomitant of the former.
THE CORRELATION BETWEEN THE CIRCULATORY CHANGES POSTU-LATED AS THE PRECIPITATING FACTOR IN THE EPILEPTIC FIT AND THE VARIOUS SYMPTOMS OF, AND THE RECOVERY FROM, THE ATTACK.
For any theory of the mechanism of the epileptic fit to rest on a sound basis, it is necessary that it should offer a reasonable explanation of, or at least not to be inconsistent with, the various manifestations observed in the attacks. It is submitted that the circulatory failure above postulated does offer a more reasonable explanation than any hypothesis yet brought forward.
(1) The Aura.-Hare [26] maintains that the above-mentioned peripheral vascular changes afford an explanation of the aurae preceding a fit: " The vascular changes, occurring as they do synchronously with the rise of blood-pressure, offer a reasonable explanation of the epileptic as they do of the migrainous, asthmatic, anginal and other aurae.
Some of the vascular changes may be peripheral and constrictive.
Fagge [27] says: 'The patient perhaps experiences a sensation of coldness or weight in the limb; and the part is found on examination to be pale and cold to the touch, and to have its sensibility distinctly blunted'. Others of the vascular changes may be peripheral and dilative. Trousseau [28] says: 'A local determination of blood may occur in the finger, for instance, causing it to swell, reddening the skin, and rendering it successively within a very short time red and of a mnore or less deep violet colour. . . . The swelling is real not apparent, for rings previously easy suddenly become too tight for the fingers.'
Or again vascular dilatation and vascular constriction may alternate. Trousseau says: 'The skin may become excessively pale after having been injected for some time.' But many aure are unassociated with appreciable objective changes in the part whence they seem to arise. Then it is not unnatural to believe that invisible vascular changes, similar in character to the visible peripheral vascular changes just described, are taking place in the cerebral centres and are the immediately responsible factors. On this view we can understand many of the aurai of the special senses observable also in migraine."
That a partial cerebral anmemia is capable of giving rise to the phenomnena of an epileptic aura has been demonstrated experimentally by Leonard Hill [29] , who says: " I myself have twice produced clonic spasmls in myself by compression of one carotid. The first effect on applying the compression was a sensation in the eye ont the same side; then there followed a sentsory march of forinication dowzn the opposite side of the body. This began in the fi?gers, spread up the armn, then down the leg. Finally clonic spasms of the hand occurred, accompanied by an intense feeling of vertigo and alarm." ' (2) Unconsciusntess.-In the absence of an aura (and it is noteworthy that it is frequently absent), the first feature in an epileptic fit is sudden loss of consciousness. So sudden may it be that the patient falls with the utmost violence. Current views on the pathology of epilepsy afford no satisfactory explanation of this. Yet so dramatic a feature should be susceptible of some simple explanation. The loss of consciousness is not caused by the convulsions. It precedes themlin point of time, and in tetanus and strychnine poisoning the spasms may be every whit as severe as those of idiopathic epilepsy, but are not attended with unconsciousness. Now one of the most obvious causes, if not almost the only one, of sudden unconsciousness (excluding severe cranial injuries) is a sudden interference with the flow of blood to the brain. Indeed it is scarcely possible to conceive of anvthing producing so extraordinarily dramatic and serious a symnptom avs sudden unconsciousness in a person who at the time may appear to be in normal health other than somile sudden vascular or miiechanical change in the brain. It is noteworthy, also, that sudden occlusion of one large cerebra artery by an emlbolus produces sudden unconsciousness. A complete cessation of the entire cerebral circulation following upon cardiac inhibition would be obviously a still m-lore potent cause.
(3) Coiivulsios.-The classical experiimients of Kussim1aul and Tenner prove the intimiate relationship existing between a sudden cerebral anaemia and the production of convulsions. Their experiimients were, moreover, not masked by the administration of angesthetics. It is also well known that severe ha-morrhage in man can give rise to the iiost typical epileptic fit. This is not often seen nowadays, when, as Osler remarks, " the reproach of Van Helmllont that 'a bloody Moloch presides in the chairs of medicine ' cannot be brought against this generation of physicians " ; but in past times, when physicians seem to have m--odelled their practice on the imiethods of Dr. Sanrrado-so satirised by Le Sage in the pages of " Gil Blas" it was not uncomm-nonly seen; indeed, Marshall Hall [30] reml-arks that " convulsion is, after syncope, the most familiar of the imminediate effects of loss of blood."
The Mlech1anism of Tonlic Spasm-.This is a problem of great difficulty.
Spasticity of mnuscles is observed in lesions affecting the pyramidal tract, and is accounted for by over-action of the spinal cord when the inhibitory influence of the brain is remloved. In an epileptic fit tonic spasm appears with great suddenness. On the hypothesis of a sudden failure of the cerebral circulation it might be attributed to a remloval of the inhibition influence of the brain (possibly allied to the deeerebrate rigidity described by Sherrington in animiials with transeetion of forebrain), or it night be due to irritation of the grey miiatter by lack of oxygen and excess of carbonic acid. Inasmuch as it has been clearly shown that cessation of the heaitbeats for a limited time can unquestionably be associated with eonvulsions, it might be supposed that such should be seen at every death-bed; but in the majority of cases death is a gradual process, the circulation failing by degrees, amid both the nutrition and irritability of the brain slowly diiminishing together, so that any sudden imnanifestation of spasm would hardly be expected to occur. It might be different in cases of sudden death, but unfortunately descriptions of the phenomena attending sudden death in mi-an are very scanty and imperfect.
It is well known that sudden death imiay occur during puncture of lung for suspected pleural effusion and during the washing out of empyeina cavities. In a paper published by the author on this subject, 3 cases of death occurring during or after exploratory puncture of lung are recorded [31] . In the first case the insertion of the exploring needle was iinumediately followed by death from cardiac failure, and the point of interest in this connection is that it was accompanied by tonic extensor spasm of arms and convergent squint. The condition of the legs was not observed, but it is probable that they shared in the spasm.
Dr. C. R. Box [32] records the case of a man, aged 50, with cellulitis of leg, who suddenly " without warning had a convulsive fit, became cyanosed and suffered with intense dyspnoea. The pulse became rapid and feeble, and death ensued fifteen minutes from the commencement of the seizure." At the autopsy "a large clot was found coiled up in the main trunk of the pulmonary artery, effectually blocking it.
The supposition was that it had formed gradually in the pulmonary trunk and right ventricle., and then, its cardiac end becoming detached, had becomiie impacted in the pulmonary stem." It is to be noted that such an event occurring in the nmain trunk of the pulmonary artery would, if the clot completely obstructed the lumen of the vessel, bring the entire circulation to a very speedy if not an abrupt end.
The above cases show the results attending a sudden cessation of the entire cerebral circulation. The svmptomus attending the sudden cessation of blood-flow through a more limited portion of the brain can be observed very well in cases of embolismii of a large cerebral artery. In thromnbosis the brain has frequently had timle to adapt itself to a diminishing flow of blood and to develop, to some degree, a collateral circulation; but in embolism the results are sudden, and it is notorious that the unconsciousness is sudden in the miiajority of such cases, and that it is frequently accompanied by convulsions.
Clowic Spasms.-In the case of sudden death above recorded after exploratory puncture of lung, only tonic spasm was observed. The change from tonic to clonic spasms in an ordinary epileptic fit is of great interest. Long Fox [33] ; who attributed the loss of consciousness and the tonic spasmIl to cerebral vaso-constriction, ascribed the clonic convulsion to a " gradual yielding of the vaso-mnlotor constriction, allowing at first more blood to enter the arteries than during the period of tonic spasm, but yet far less than is necessary for controlled inovement or for rest." Hare also ascribes the clonic convulsions to a recoiimnencement Russell: The Pathology of Epilepsy or acceleration of the heart-beats, with a resulting increase in the cerebral blood-flow. In this connection a case recorded by Walter Broadbent [34] is of great importance. The patient was a lady, aged 44, who had suffered from rheumatic fever in childhood, and showed sylmiptoms of cardiac disease. For seven years she had been subject to epileptic fits. One evening, when talking to her daughter, she suddenly became unable to speak plainly, and becanie rigid preparatory to a fit. The daughter stated that, instead of the usual fit, there was irregular jerking confined to the right arm and leg; the mouth was drawn over to the right, the head turned to the left. The left arm and leg remiiained absolutely passive. She passed urine in the fit. She was unconscious for five days after the fit. She then showed complete hemiplegia, hemianmesthesia, and hemianalgesia. Movements and sensations were normal on the right side. Death occurred on the ninth day. Post Mortem.-In the right middle cerebral artery, just beyond the point of origin, a smnall enmbolus was found with a distal throimbus for half an inch. The cortex along the course of the vessel was softened; on section, the right corpus striatum and all the surrounding parts, including a portion of the frontal lobe, were in a state of extrenme softening.
The importance of this case lies in the fact that the patient was the subject of epilepsy, so that we know that bilateral convulsions would have occurred in the absence of the embolus. But the embolus prevented the return of the blood to the right half of the brain, and clonic movements were absent from the contralateral side.
(4) The Physiological Miechanismn underlying Recovery from anl Epileptic Fit.-Whatever be the immediate factor precipitating an epileptic fit, it is one which is very transient in its action, and speedily recovered from. It is one moreover, which is obviously capable of being brought into action repeatedly. In epilepsy of long duration the patient exhibits a very marked mental degradation, but the effect produced by each fit is imperceptible. Quite apart from the effect produced on the brain by the repeated attacks of cerebral anuilm-ia here postulated as the essential factor of the fit, the intense venous engorgement resulting fromn the convulsive movements and the asphyxial character of the blood would presumably inflict considerable damage on the brain substance, damage, moreover, repeated over and over again. It would not appear unreasonable to assume that the slight mnorbid changes described in the brains of epileptics are the results imlerely of these cuimiulative lesions. Nothing is more striking than the con-98 pleteness of recovery from an epileptic fit. Whatever the cause, it seemhs to pass away absolutely. On the supposition that the fit is due to a sudden cerebral anaemia, produced by cardiac inhibition, recovery follows on return of the circulation. It might be urged that, if the fits are due to cardiac inhibition, it should occasionally happen that the heart should stop permanently, and that death in a fit should be, at any rate, not uncommon. If the stimulus producing the inhibition be sufficiently intense, death would doubtless result, as in the case of sudden death recorded above on exploratory puncture of the lung. But though experimental stimulation of the vagus nerve with very powerful stimulus does rarely produce permanent arrest of the heart, it is a fundamental physiological fact that there is a practically irresistible tendency for the heart to reeomme-tce beating, even during the stimulation-the so-called vagus escape of the heart. This vagus escape of the heart is submitted as a feasible explanation of the recovery from the fits in those cases which are associated with actual cardiac inhibition, whilst in those dependent upon cerebral arterial spasm the fit would subside with the disappearance of the spasm.
(5) Post-epileptic Coma and Sleep.-Though recovery may be very rapid after a mild fit, there is commonly observed after the cessation of the convulsive movements a period during which the patient is comatose, a period frequently followed by natural sleep varying in duration. On the hypothesis of a sudden failure of the cerebral circulation, there has been a profound though temporary disturbance of the nutrition of the whole nervous system. As the result there has been an intense discharge of the motor cells. The sensory side of the brain has doubtless been the site of an equally severe disturbance, the earliest sign of which is sudden unconsciousness; but inasmuch as consciousness is requisite for the recognition of sensory disturbances, the presence of such is of necessity masked. Yet the sensory apparatus would presumably be affected equally profoundly with the motor, so that marked exhaustion of the sensory elements, with resulting coma and sleep, is only to be expected. JACKSONIAN CONVULSIONS. Local stimulation of the cerebral cortex by the electric current, or by the presence of a cortical tumour, are both competent to produce that type of convulsive seizure commonly known as Jacksonian. The muscles first involved in the convulsive movements are those related to the area stimulated, but the spasmils rapidly spread to other groups, and finally the whole miusculature of the body may be involved. Consciousness is not always lost in these fits, and if lost, only late in the course of the fit. The spread of the convulsion to muscles other than those related to the area stimulated indicates that a progressively increasing area of cortex becomes involved. Several possible explanations of this march of events must be considered.
(1) It might be due to a spread of the current; but if so one would expect that the spread should occur at the moment of application of the current, and, imioreover, the fact that areas very remote from the one primarily stimulated are involved, for instance the opposite side of the brain, renders such an explanation very improbable.
(2) To a spread of the excitation, the view comnmonly held. That the area of musculature involved in the convulsive movenments gradually widens is proof that the excitation spreads, but it affords no explanation as to how it spreads.
(3) It might be due to a spreading vaso-constriction of the cerebral blood-vessels, the resulting anaImia bringing about the spread of the convulsions. I have referred above to evidence suggesting that the cerebral vaso-motor mechanisin is a much more active one than is generally assumed, and I would draw attention again to Harvey Cushing's observation that faradic stimiulation of the cortex can produce a paling of the grey matter. It might be urged that if this were of common occurrence it should have often been observed, but it might easily be overlooked, for slight paling of a surface is not a very obvious alteration.
Sir Victor Horsley [35] was on one occasion operating on the cortex when the patient had an epileptic fit. He noted that the cortex became distinctly hyperwrnic during the attack. This it would do as the result of the convulsions forcing blood upwards through the great veins of the neck into the brain. The increasing venosity of the blood would also deepen the colour of the cortex, and moreover attention would in all probability not be drawn to the matter until the convulsions began, when hypereemia would occur almost immediately.
The phenomena of Jacksonian fits dependent on tumour might be susceptible of the saime explanation, viz., a spreading vaso-constriction; but it is certainly difficult to correlate this group of fits and those due to absinthe with cerebral anwmia, and the possibility that they depend on a different m-nechanism must be admitted.
URAEMIA.
Uraemic convulsions may be absolutely indistinguishable from those of idiopathic epilepsy, and if it can be shown that there is evidence of a condition of cerebral anemia in urwmia, support would be lent to the simllilar theory as applied to epilepsy. In a paper read before the West London Medico-Chirurgieal Society I brought forward evidence to show that the cerebral inanifestations of uremiiia are due to cerebral ancemia produced by an increase of intracranial tension, resulting in all probability fromii cerebral oedemna [36] . The following is a short abstract of the paper:
The experimental results following increased intracranial tension were first considered. Harvey Cushing [37] increased intracranial tension in dogs by trephining and applying pressure to the surface of the brain by means of a distensible rubber bag or by means of a cannula serewed into the cerebro-spinal space and connected with a pressure bottle containing normal saline, comninunicating with a burette containing mercurv. He showed that, if the intracranial pressure be rapidly increased, "Kussmiiaul-Tenner spasms, evacuation of bladder and rectunm, practical cessation of respiration, and pronounced vagus effect upoIn the heart, often with a comiiplete standstill, lasting from ten to twenty seconds, may develop. Then follows a release from this extreille vagus inhibition and the vaso-motor centre exerts its influence." With a slower increase of the intracranial pressure a different series of events occuirred. The pressure against the brain could be increased to the point of its equalling the blood-pressure before anv symptoms referable to the centres in the im-edulla were called forth. Direct exam-lination of the cortex through a circular disc of glass fitting tightly into a second trephine hole showed, at this period of equalisation of blood-pressure and intracranial tension, an abruipt blaicihing of the exposed convolutions. The pulsating arteries could be seen against the blanched background and the dark blue veins in the sulci remlained filled with blood, but p)resuniably little, if any, circulation passed between themii. The usual consequence was not death but a stimilation of the vaso-motor centre, wllhich occasionted a rise il blood-pressiure suifficieWt to overcomie the hligh intracraniial tenision ; the cerebral circulation was re-established, and the rosy colour could be seeni through the glass window in the tre)hine hole to return again to the blanched convolution. With further increase in intracranial tension the blood-pressure rose part passi, and alwavs to a point exceeding the intracranial tension. This process could be repeated until the arterial pressure was forced to two or three times its normal level, somiletimes to as muuch as 2501nuIn. Hg., without evidence of vaso-motor failure. In face of these experiments Cushing's conclusion that an intracranial tension occasions a rise of bloodpressure, which tends to find a level slightly above that of the pressure exerted against the medulla, seems absolutely justified. By this imiechanism the vital centres in the medulla and the life of the brain and entire animal are protected. Secondly, certain clinical conditions associated with an increase of intracranial tension were considered. It is well established that mi-anv of the symptoms of cerebral tumour, hydrocephalus, cerebral hwinorrhage, &c., are dependent upon an increase of the intracranial tension. Amnong such symptoms may be mentioned headache, voiiiting, coma, convulsions, choked disc, &c. Extraordinary relief to these symptoms is attained after the pressure is relieved by surgical intervention. An admirable series of cases has been recorded by Harvey Cushing [38] .
In another paper Cushing [39] gives the records of five cases of intracranial hamorrhage, four traumatic and one apoplectic. These illustrate, from the clinical standpoint, the facts ascertained by hiii experimentally. In one case of apoplectic cerebral hemorrhage the bloodpressure before operation registered 300 mm. Hg., whilst after trephining and the evacuation of blood it began to fall at once, and in twenty minutes had reached the normal.
The clinical evidence as obtained, therefore, from cases of cerebral tumour, cerebral hemorrhage, &c., is in complete accord with the conclusions arrived at experimentally by Harvey Cushing. To recapitulate, it is clear that a rise in intracranial tension produced by the introduction of any foreign element, such as a tumour imiass, blood, &c., mllust tend to diminish the blood-flow through the brain. As the tension increases, a point would be reached at which the intracranial tension equals that of the general blood-pressure. The cerebral circulation would therefore cease, were it not that by a compensatory process the general bloodpressure rises to a point above that of the intracranial pressure, and thereby maintains the flow of blood through the brain. But with a great increase of intracranial tension certain general effects are produced, apart from focal symptomus, dependent upon the position of the lesion. Headache, for instance, is comu-mon, and is probably attributable to tension of dura mater and tentorial structures.
Optic neuritis is to be attributed, in the main, to a passive venous congestion of the retinal veins, and subsides or improves on relief of intracranial tension, sometimes with extraordinary rapidity.
Medical Section
Finally, coma is almost invariable in the last stages of cerebral tumour and in large cerebral haemorrhages. Convulsions are also frequent in these conditions. Both are remarkably improved by methods capable of lowering the cerebral pressure, such as trephining or lumbar puncture. And it is to be noted that, by lowering the intracranial tension, a free access of blood to the brain is facilitated.
Urwnmia.-In cerebral uraemia we frequently see a symptom-complex almost identical with that of cerebral compression, viz., headache, vomiting, drowsiness, coma, convulsions, optic neuritis, &c. This symptom-complex is, at any rate in great measure, dependent upon increased intracranial tension, for many cases are now on record in which extraordinary relief has followed lumbar puncture, a procedure which, by means of allowing some of the fluid to escape, diminishes the pressure within the cerebro-spinal space. Numerous cases of urmemia were quoted from the literature in which narked relief had followed on the lowering of intracranial tension by means of removal of cerebrospinal fluid by lumbar puncture. I will only quote here Willson's cases as a type. In two papers he records 10 cases [40] . Of the 10 cases, 6 had convulsive movements, general in 5 and unilateral in 1. In every case the convulsions terminated on the withdrawal of the cerebrospinalfluid, and in only one did they return within several weeks of the operation. His best results were obtained in those cases in which the fluid spurted from the cannula, i.e., in which the pressure was greatest. In the autopsies of fatal cases (3 out of the 10) increased cerebrospinal fluid, dilated ventricles, and cedema of the brain were found. A sufficient number of cases were quoted to show that marked relief may follow lumbar puncture in cases of uraemia. It is well known that uraemic convulsions and coma may disappear apart from such treatment, but the promptitude with which the improvement occurred was such as to leave no doubt in the minds of the observers that the relation was one of cause and effect. It is noteworthy also that in most of the cases the cerebro-spinal fluid did escape under considerable pressure.
The cerebro-spinal space is a practically closed-in cavity, with walls of considerable rigidity. This cavity is always full of fluid or semifluid substance, and to force more fluid into such a space would necessitate great pressure, were it not that by compression of bloodvessels the volume of blood contained in the cranium can be diminished. But after a certain point the peripheral blood-pressure rises and further accumulation of fluid would meet with rapidly increasing resistance, and a small additional quantity would materially raise the cerebro-spinal pressure; vice versd, the removal of a very small quantity could materially lower it.
But relief has not always attended the performance of lumiibar puncture in uraemia, and this m-iay be due to the fact that the cerebral pressure is relieved by removal of the free cerebro-spinal fluid. If, however, the pressure is miainly produced by a cerebral oedeina, tlhen, unless a co-existent excess of free ventricular fluid was present, the removal of the little that would flow might not be sufficient to relieve the pressure materially.
The ml-anifestations of ura-,inia here considered, which are so strikingly relieved by lumibar puncture, are, as has been pointed out, so closely similar to the pressure sym-lptomiis produced in other coInditions, such as cerebral tumour, cerebral haemorrhage, &c., that urnemllia has not infrequently been erroneously diagnosed as cerebral tumour, and the fact that the cerebro-spinal fluid is often under coInsiderable pressure in these cases of uremia indicates that the underlying condition of increased intracranial tension must be responsible for the symptoimis.
Harvey Cushing, indeed, mnakes this suggestion in the paper on the establishment of cerebral' hernia above referred to: " I have come to believe that the same causes imlust underlie the choked disc of tumour and the so-called retinitis associated with renal disease. It seemns not improbable that an increase of intracranial tension due to cerebral cedema miiay be responsible for the occasional retinal changes in Bright's disease, as well as for the headache and vomiting which inay characterise it." UR2EMIC COMA.
The foregoing facts indicate that in urwmml-ia a state of increased intracranial tension is induced which gives rise to -headache, vomiting, optic neuritis, &c. Concurrently with this the blood-pressure rises and we see the slow, tense pulse so common in uraemia, particularly in its earlier stages. This conservative rise of blood-pressure maintains the cerebral circulation despite the increased intracranial tension. The question of the cause of the increased intracranial tension does not concern us here. The view enunciated by Traube, that it is due to cerebral cedema, is feasible. If the tension progressively increases, the compensatory rise of blood-pressure above described cannot go on indefinitely, and a certain point may be reached beyond which no amnount of vaso-constriction and cardiac augmentation can maintain an adequate cerebral circulation. If this point is reached gradually and the volume of blood passing through the brain be slowly diminished, we should expect a comatose condition to develop, the last stage of cerebral compression with gradual respiratory failure, the high-tension slow pulse of the early stage of compression changing into a soft, rapid pulse, with the developing vaso-motor failure. A concomitant toxic action on the brain is not denied; such may be present and aid in the production of the cerebral symptoms. But the ana-.mia alone should suffice to induce the coma.
URAJMIC CONVULSIONS.
Under the severe strain im-lposed upon it in working against this conservative high blood-pressure the heart may fail rapidly in chronic nephritis. Should this occur, or should the vaso-motor centre fail rapidly, it is clear that the cerebral circulation must fail equally rapidly when the intracranial tension is pathologically high. Instead of headache and somnolence, gradually developing into coma, a more sudden unconsciousness would result, and if the failure in the circulation through the brain occur almost suddenly, convulsions would readily be produced.
It is of great interest to note that the onset of uremiic convulsions is, in fact, very apt to be associated with imlarked evidences of circulatory failure. According to Senator [41] , "before the convulsions the pulse is often tense and slow, but during the attack it is small and accelerated and often irregular; as a rule, however, it cannot be counted accurately until after the attack, when it is also retarded in most cases." According to Strumpell [42] , "the pulse is often very slow before the appearance of severe symptomiis, sometimes 48 or 40, but it is almost always tense and hard. In chronic urmmia also a mloderate slowness of the pulse is not infrequent. When aurnwinic convulsiouns appear, however, the pulse usually becomnes ,smnall and very frequent, especially in cases that termtinate unfavoulrably."
Willson's cases above recorded are of the greatest importance in this connection, especially as, in his six cases of uraemic convulsions, the convulsions terminated in every case on the withdrawal of the cerebrospinal fluid; and it is to be noted that his best results were obtained in those cases in which the fluid spurted from the cannula, i.e., in which the pressure within the cerebro-spinal space was greatest. And this Withdrawal of fluid, by lowering the cerebral pressure, wvoutld allow of anl ininediate return of blood to the brain.
In cases of acute ureemia in acute nephritis it is well known that an increase of blood-pressure is common, and the cardiac failure may be more readily effected owing to the more toxic character of some of the diseases associated with acute nephritis, the poisons of the acute infections, such as scarlet fever, materially affecting the heart muscle. The heart would thereby be unable to respond to the vaso-constriction above described, and the conservative rise of blood-pressure would fail to develop.
In conclusion it is submitted that the pathology of uraemia is to be sought in a condition of increased intracranial tension with failure of the cerebral circulation produced in the manner suggested, a gradual failure producing coma; a rapid one, convulsions.
If this conclusion be correct, strong support is lent to the theory that the fits of idiopathic epilepsy are produced by sudden failures in the cerebral circulation, for it is notorious that the convulsions of uremia and of idiopathic epilepsy may be absolutely indistinguishable, and it is extremely probable that the factor underlying conditions so remarkable and so identical should be one and the same.
STATUS EPILEPTICUS.
Morgan Hodskins and Arthur Morton [43] have reported a series of seven cases of status epilepticus treated by lumbar puncture. As they are of considerable importance, I give them in some detail.
"Case 1.- March 26, 1904 . After forty fits, at intervals of about fifteen minutes, lumbar puncture was performed; 12 cc. of fluid withdrawn, not under very high pressure.. Convulsions ceased for over two hours; then recurred, thirty-five in the next two days, but not so severe. Then slow recovery. " Case 2.-April 18,1904. Status epilepticus. One hundred grains of sodium bromide given hypodermically with no effect. Lumbar puncture after twentyfour severe fits, and 14 cc. fluid withdrawn under increased pressure. Only one more fit in next twelve hours, then a few slight ones, easily controlled, followed by exhaustion, paralysis of pharynx and extremities. Slow recovery. 12, 1904 . Twenty-five fits. Lumbar puncture; 20 cc. of fluid withdrawn under increased pressure, followed by injection of 10 cc. of sodium bromide solution (gr. xxx. to the ounce). One fit occurred in the next fifteen hours. Slow recovery. The blood-pressure, which before the puncture measured 140 mm. of mercury, fell to 127 mm. afterwards."
It is noteworthy that in four out of the seven cases recovery ensued, and that in every case but one there was an immediate and marked improvement as the result of the lumbar puncture. Further, in six of the cases the cerebro-spinal fluid was evidently under increased pressure, and in the only case in which the blood-pressure was estimated it fell from 140 mm. of mercury to 127 mm. as the result of the puncture. These facts suggest that the condition of status is similar to what is seen in uraemia, in which, as has been pointed out, there is an increase of the cerebro-spinal pressure. And this increased pressure would tend to produce an aammia of the brain unless the blood-pressure rose to a point higher than that obtaining within the cranial cavity. The inference, therefore, that status epilepticas is due to anaemia of the brain brought about by increased intracranial tension does not appear unreasonable. There is no reason to assume that this increased pressure was the primary cause in bringing about the attack, but rather that an unduly severe fit in some way evoked an oedema of the brain, and that the increased pressure resulting from this was responsible for the anemia.
Mott [44] has shown that "the essential changes in the brain in cases of status epilepticus are: "(1) Great venous congestion and stasis. "(2) (Edemaof the brain and marked distension of the perivascular lymphatics, flattening of the convolutions and naked-eye increased vascularity; but inasmuch as the brain is contained in a closed cavity, venous stasis and cedema must be associated with a corresponding arterio-capillary anamia." It is interesting also to note that Mott finds that experimental ligature of arteries in animals leads not only to anamia of the brain, but also to cedema. Continuing the above quotation:-" In the case of experimental ligation of arteries in animals, the effect may be similar, but it is brought about by an entirely converse process; the cedema of d-17
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Russell: The Pathology of Epilepsy the brain and venous stasis are here proportional to, and determined by, the diminution of arterial blood in the arterio-capillary systems. . . Microscopical observations show that the whole brain is permeated by a canalicular lymph system containing cerebro-spinal fluid, the large processes of the neurons lying in lymph spaces which are continuous with the perivascular lymphatics. These perineuronal spaces were very obvious in some of the cases of experim-iental antemia." In this connection it is a striking fact that, in his description of the photo-micrographs accompanying his paper, Mott comments on the close similarity between the appearance of the brain-cells and perineuronal spaces in experimental aneemia of the brain (by ligature) and in status epilepticus.
These observations, both clinical and pathological, lead to the conclusion that the fundamnental condition underlying the condition of status epilepticus is cerebral aniemia. It might be urged that, inasmuch as it is not probable that there is a great rise of cerebral pressure, the heart should be able to respond by mnore powerful contractions which would maintain the cerebral circulation (vide Harvey Cushing's observations). It is profoundly interesting to note in this connection that the heart in cases of status epilepticus shows extreme fatty degeneration; thus Mott [45] has shown that " the cedema of the muscle substance of the heart is very striking upon microscopical examination; networks of capillaries are seen, small heemorrhages are somnetimes observed, and the fibres are separated from one another by a serous exudation. This of itself would embarrass the much over-worked organ; but the lymph around the muscle fibres no longer constitutes a normal environmiient, it contains excess of carbonic acid, deficient oxygen, and toxic fatigue products, the result of excessive muscular activity and imperfect miietabolism. The fibres thus imperfectly nourished and oxygenated are the seat of an imperfect metabolism which is manifested upon microscopical examination by a lustreless appearance, indistinctness of striation and accumulation of minute particles of fat in the substance of the fibres. ... In seven cases of status epilepticus, and in a large numuber of cases of general paralysis dying after prolonged convulsive seizures, I have invariably found this fatty change in the heart and striated muscles." THE EPILEPTIFORM SEIZURES OF GENERAL PARALYSIS. Mott has shown that " cedema of the brain, owing to dilatation of the perivascular lymphatics, is a striking feature in general paralysis, and the water which can be extracted from the brain by placing it in a desiccator is larger in ainount than in the nornmal brain. But venous congestion and cedema of the brain must be associated with arterial anemia. If all the arteries to a dog's brain be ligatured, there is established an arterial anaemia, but the veins of the cortex will be found greatly congested, the perivascular lymphatics distended, and the motor cortex excitable, even hyper-excitable, to electric stimulation. This makes it probable that the epileptiform seizures of general paralysis are associated with and probably dependent upon venous congestions and stasis, arterial anaemia and increased excitability."
-Leonard Hill has also demonstrated the increased excitability of the cortex after experimental anaemia has been brought about. Mott has also made the interesting observation that in general paralysis the arterial pressure in the first and second stages of the disease is invariably higher than normal. In the light of Cushing's work, it is possible that this is due to the compensating mechanisnm described by him, and is an effort to maintain a good circulation through the brain, the cedernatous and anaomic condition of which has just been pointed out.
CONCLUSIONS.
It is submitted that sudden failure of the cerebral circulation is associated with unconsciousness and convulsive seizures. This is recognised in the case of the seizures occurring in conditions of bradycardia and arrhythmia, when the seizures obviously depend upon the failure of the heart rhythm. Gradual failure of the cerebral circulation is not associated, as a rule, with convulsions, but rather with coma. In uraemia the onset of cerebral symptoms mnay be either gradual or sudden, and convulsions may occur indistinguishable from those of idiopathic epilepsy. It is submnitted that evidence has been given which correlates the coma and the convulsions to a gradual or sudden failure of the cerebral circulation.
In epilepsy the fits are frequently of absolutely sudden onset. It is submitted that the failure of the cerebral circulation (on which it is contended that they depend) must therefore be of sudden onset. Sudden cardiac inhibition is one of the few possible causes of such an event. It has been shown that such cardiac arrest does occur in some cases of epilepsy, and it is suggested that its occurrence may be much more common than is generally assumed. It is suggested that the cardiac inhibition is probably to be attributed to unstable vaso-motor and cardioregulatory mechanisms, the causes of which are yet to seek. Abnormal biochemical processes imay play a part, and inheritance counts for nmuch. 
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It is suggested that the recovery from fits in which cardiac arrest occurs is due to a re-establishment of the cerebral circulation, the heart escaping from inhibition.
It is probable that some fits are due to cerebral vaso-motor spasm. The phenomena of some cases of petit mal seem explicable on this hypothesis. Attention has been drawn to the evidence of abnormal vaso-motor regulation in epileptics.
Hughlings Jackson remarks that " consciousness is concomitant with the functioning of the highest cerebral. centres" [46] . I would, with great deference, suggest that the statement might be put this way: Normal consciousness is conditional upon normal functioning of the highest cerebral centres, but inasmuch as normal functioning depends upon normal blood-supply, the statement might be amended thus:
Normal consciousness is conditional upon normal blood-supply to the highest cerebral centres. On the hypothesis that the convulsions of idiopathic epilepsy are due to a failure of the cerebral circulation, the highest cerebral centres, whatever and wherever they may be, would be equally involved with the lower, so that the epileptic fit would be compounded of discharges from the highest levels, the middle levels (motor regions) and the lowest levels (ponto-bulbar).
DISCUSSION. Dr. DAVID FERRIER, F.R.S., said he had listened with very great interest to Dr. Russell's paper, and complimented him on the ability with which he had marshalled his facts in support of the position which he had taken up. All would agree that there was still great obscurity prevailing as to the proximate cause of that instability of the grey matter which was the foundation of the epileptic discharge. He understood Dr. Russell considered that cerebral anaemia was always present. That cerebral anaemia, or ischaemia, would cause epileptic convulsions had been proved by the experiments of Kussmaul and Tenner, by Sir Astley Cooper, and still more conclusively by Dr. Leonard Hill, who described the symptoms which arose in connection with compression of his own right carotid. There was a gradual failure of consciousness and, at the moment of that loss, he was seen to have distinct epileptiform attacks in his left hand. From those facts one would be prepared to admit that cerebral aniemia might be the cause of that nutritional disturbance which was the basis of epilepsy. And Dr. Russell had brought forward many facts which showed that failure of the circulation, beginning in the heart in consequence of the condition of that organ, and possibly due to that alone, might give rise to epilepsy. But it had long been noticed by the earlier observers of epilepsy that there was frequently spasm of the blood-vessels, the radial pulse sometimes disappearing while the patient was under observation. He did not know whether the heart was noticed to stop at the same time, but there was frequently observed a vasomotor spasm associated with pallor of the face, dilated pupil, and conditions which might lead even to cardiac inhibition. Sir Russell Reynolds has described how frequently these phenomena occurred in the early stages of an epileptic fit, but not always; for the heart might go on quite regularly and the pulse show no change. This was the basis of the old view that the epilepsy originated primarily in the condition of the medulla, causing irritation of the vaso-motor centres, and hence contraction of the blood-vessels, not only in the body, but in the brain itself. Though the brain did have some vaso-motor regulation, as had been proved conclusively by Dr. Brodie and himself, yet the direct vaso-motor regulation of the brain was probably subordinate to the other condition which had been demonstrated by Leonard Hill, that the condition of the circulation varied passively according to the condition of the skin and the splanchnic area. It was looked upon as a proof of cerebral anemia that the face was pale. But according to the researches of Leonard Hill the brain would be flushed at the time there was vaso-motor spasm. Frequently at the commencement of the fit beating of the carotid would be noticed, while the radial pulse would disappear. His own opinion was that vaso-motor spasm, instead of producing anaemia of the brain, would have the reverse effect, namely, flushing. Dr. Russell had mentioned many cases where the heart stopped, but that was at the commencement of the fit, and he, Dr. Ferrier, would rather look upon that as a sign of the epileptic spasm or of the inhibition having begun. The epilepsy had not originated from the cessation of the heart; it was the discharge already commencing which was producing the inhibition of the heart. So the primary mischief was not in the heart, but in the brain-cells discharging, and so influencing the vaso-niotor centre. But he would not say that this explanation would be applicable to all cases. He thought that if the heart rather than the brain were responsible for epilepsy, there should be better proof forthcoming of some definite relation between heart disease and epilepsy, or between interference with the innervation of the heart and the occurrence of epilepsy. He had recently read a paper by Leser giving the results of his investigations on this point. Leser found in about 500 epileptics that about 1j per cent. of them had signs of heart disease; whereas in 800 cases of heart disease there was not 1 per cent. of epileptics. As to the state of the brain in epilepsy, it was well known that sometimes there were no visible changes, but in many cases changes had been found in the brain which might lead to its nutritional disturbance. Dr. John Turner had described conditions of the blood-vessels, nerve-cells, and the neuroglia, some of which might be primary, though he, Dr. Ferrier, regarded some of them as mo --probably secondary to the epileptic fits. A tumour, latent in regard to other signs, might cause epileptic fits and nothing else.
One also knew what happened in the case of Jacksonian focal lesions; they did not always cause Jacksonian epilepsy, but often only ordinary epileptic attacks. In the artificial epilepsy induced in animals one had seen the brain, under the influence of stimulation, become hyperaemic and so irritable that the slightest touch on the brain would cause an epileptic explosion. He would say that cerebral anaemia, though sometimes occurring in and preceding epilepsy, did not necessarily precede it in all conditions, and that there might be varying states of the circulation. The essential factor was the state of nutrition of the braincells; not that nutrition was affected by the brain circulation, except in a secondary way. With regard to uraemic convulsions, was it not more likely that there were poisons circulating in the blood which acted directly on the brain-cells ? One had only to look at the influence of drugs like absinthe in causing epilepsy in this relation. Absinthe and certain other drugs made the cortical cells more excitable. He believed that epilepsy depended on the state of nutrition of the brain-cells, which might be brought about in many ways, hereditary and otherwise, and not necessarily secondary to any conditions of the cerebral circulation.
Dr. BEEVOR congratulated Dr. Russell on his paper, and on the great trouble he had taken in getting his facts together. Fits could be produced by ligaturing vessels, which caused anaemia of the brain, but it did not follow that every case of epilepsy must be due to anemia of the brain. He would deal with the three forms of epilepsy which the author had mentioned. First one could produce on animals, by stimulation of the thumb centre, a tonic contraction of the thumb by means of a weak current. By a stronger current one could cause an epileptic fit localised to the hand, and by a still stronger current a fit involving the whole body could be produced. In that case he could not see that the heart was affected, the occurrence was purely local. The question was whether the vaso-motor system could be brought in to aid in the explanation. He gathered that in every case Dr. Russell would consider that there was some anaemia of the brain. In the case of fits produced in man by tumours, there might be a fit without loss of consciousness, and it seemed almost impossible to attribute any of the symptoms to the heart stoppage. A tumour might grow and produce fits, not Jacksonian but those which were hardly distinguishable from those of ordinary epilepsy. In that case there was the same cause, namely, a tumour producing irritation of the brain, and he did not see how the heart's action could be taken into account. With regard to petit mal, it seemed to him impossible to imagine that the effect of heart stoppage could be so limited that loss of consciousness was produced and the patient did not fall down. In petit mal the patient might have complete loss of consciousness, and still go on walking or standing and not fall down. Attacks of petit mal might go on and be combined occasionally with attacks of idiopathic epilepsy, and it was difficult to attribute the petit mal to one cause and the idiopathic epilepsy to another. He thought they must be due to the same cause, and that cause not the stoppage of the heart's action. Was the primary disease in the heart or in the cortex of the brain ? He thought the cause must be some irritation of the cortex. In the cases of uraemia and absinthe there was cortical stimulation, without any action on the heart. It was probable that in idiopathic epilepsy the brain cortex was highly excitable and fired off on the slightest provocation, so that what in an ordinary person would cause a headache would in such a person cause an epileptic fit. It had been asked why, in a case of tumour of the brain, the fits were localised, and showed no tendency to spread, whereas in epilepsy the whole body was involved in the fit ? He thought one reason was that the stimulation in epileptiform attacks was local, whereas in idiopathic epilepsy the whole brain was concerned. Another point was the different resistance in the brain of a normal person compared with that of an epileptic. Dr. Ferrier had referred to the hyper-excitable condition of a brain which had been constantly stimulated electrically, and he, Dr. Beevor, had seen the same thing several times when working with Sir Victor Horsley on the monkey, so that it became necessary to leave that part and go to another. He thought one might compare the difference between a normal brain and an epileptic brain to the difference in the 'combustion of sheep's wool as compared with that of cotton wool. If sheep's wool caught fire in one place, surrounding parts simply became singed; whereas in the case of cotton wool, there was an immediate flaring of the whole piece. A knock on the head of an ordinary person which would produce little effect might, in the case of an epileptic, bring on a general fit.
Dr. GOSSAGE said he did not think there was any doubt that cerebral anaemia could cause fits which were much like those of epilepsy, but, as had been remarked, that did not prove that "idiopathic" epilepsy was due to cerebral anEemia. In patients who had epileptiform fits, undoubtedly due to cerebral anemia, there was not, as a rule, the regular progression of tonic and clonic spasms such as occurred in a fit of idiopathic epilepsy. Cerebral congestion could also produce a fit of a similar character, and one of the common causes of convulsions in infants was congestion of the brain, such as occurred in th'e asphyxia following broncho-pneumonia or other disease. With regard to cerebral aneemia causing epileptiform convulsions, in undoubted cases a considerable period of cessation of the circulation was necessary before convulsions resulted, i.e., from ten to thirty seconds; and if, as Dr. Russell th,ought, cardiac inhibition was the commonest cause of epileptiform fits, there sh'ould be much more evidence than was available as to the occurrence of such inhibition, though possibly most of those who watched an epileptic fit had not their attention directed to the heart. In regard to the cases quoted where the heart stopped at the commencement of an epileptic fit, the question arose whether they were not of a special class, allied to the Stokes-Adams syndrome. This syndrome was described as a condition of infrequent pulse associated with various nervous phenomena, such as syncope, epileptiform convulsions, or even apoplectiform attacks. In the Stokes-Adams syndrome, the ventricular arrest occurred before the cerebral phenomena. The essential point in this condition was that the conductivity between the auricles and the ventricles was depressed. The beats might be blocked, so that the ventricles might beat only once to every two beats or more of the auricles. It was possible, however, to have the conductivity between the auricles and the ventricles depressed, affd yet the ventricles responding to every auricular beat: and with the occurrence of some nervous influence which depressed the conductivity still further it was possible to have a temporary arrest of ventricles resulting in an epileptiform fit. He showed some tracings illustrating that point. The patient exhibited the Stokes-Adams syndrome, and his pulse had nearly always been infrequent. Yet when first seen his pulse was 68, and during a taking of a tracing at that rate it had suddenly stopped for five seconds. The man on this occasion had merely an attack of giddiness and a tendency to fall, and then recovered, but on other occasions there had been severe epileptiform fits. It was possible that the cases mentioned by Dr. Russell, where there wag cardiac arrest at the time of the epileptiform attack, were of the same character, namely cases of delayed conductivity between auricles and ventricles, and not of the class of ordinary idiopathic epilepsy.
Dr. BIERNACKI desired to discuss the matter from the point of view of the infective fevers. For some years he had had the conviction that not enough attention had been paid to syncope in relation to the convulsions of children. In fevers one found not very rarely that children had recurrent attacks of syncope with convulsion, not necessarily in the early stage-possibly even after convalescence. In these cases there was no definite quantitative relation between the degree of the syncope and the-degree of the convulsion. That was a difficulty to him from the point of view of Dr. Russell's theory. In convalescence a child might have, from time to time, attacks of a kind which seemed typically epileptic. The distinction was that some of those cases died. He had the history of a family which was remarkable. The mother had chorea when she was aged 15. The father's history was unimportant, but he was rather nervous. The first child was still-born. There was a child who 116 Russell: The Pathology of Epilepsy had no fits or syncopal attacks. The next child was found dead in his cradle when thirteen months old. There was an inquest, and a post-mortem was made by a thoroughly efficient man, and nothing to account for death discovered. Another child, aged 7, had had no attacks until thirteen months old, when there were moments of daze, bronchitis. At eighteen months it had fainting fits for twenty-five minutes while sitting on its father's knee, with jerking of the eyes and head. The child was quite unconscious, dead pale, and stone cold. There had been one or two other attacks, since when the child had been in good health. The next child, a girl, died at the age of eight months. She was put into her cradle one night in good health at 11 p.m. and suddenly died. The autopsy showed no evidence of cause of death, though there was hyperplasia of the glandular tissue in the abdomen. The last child was a boy, aged 3i, who had bronchitis badly when he was cutting his teeth at thirteen months, and later occasionally. He had bronchitis and pneumonia when aged 3. He had his first syncopal attack six months ago, with pallor, movement of the eyes, pinched face, and was very cold. The attack lasted about twenty minutes, and he seemed conscious.
Dr. LINDSAY STEVEN said Dr. Russell had raised a verv important point as,to the vaso-motor influences upon the circulation of the brain, and he agreed with much of what the author had said with reference to the production of cerebral aneemia causing epilepsy. He agreed with Dr. Russell that enough weight had not hitherto been attached to the fact of vaso-motor anaemia of the brain as a cause of cerebral diseases, among them possibly epilepsy. In Scotland it had long been taught that actual palsy might occur from cerebral spasm, without rupture of the arteries, due to localised anaemia; but the point he specially wanted to refer to was the relationship between anaemia of the brain and Raynaud's disease. Dr. Russell referred to the case quoted by Osler, in which, during an attack of Raynaud's spasm, aphasia and other nervous symptoms resulted. During the present winter, in his, Dr. Steven's, wards in the Western Infirmary, Glasgow, a woman was admitted who was suddenly taken ill and had, not an epileptic fit, but a fit with loss of speech and slight hemiplegia. She retained her intelligence. Shortly after admission she lost her 6vision and her power of swallowing, so that for seven weeks it was necessary for the nurse to feed her by the nostril. During her illness she developed typical symmetrical gangrene of the extremities. A post-mortem examination was made by Professor Muir, and it was found that her bulbar paralysis was due not to a lesion of the bulb at all, but to a bilateral lesion of the cerebral hemisphere, which consisted entirely of a widespread white necrosis of the brain, without any visible arterial disease in the circle of Willis, or any other part of the brain. Professor Muir's opinion (with which Dr. Steven, who was present at the autopsy, quite agreed) was that the condition was due to widespread arterial spasm, probably of the nature of Raynaud's disease, similar to that which had caused gangrene in the toes and extremities of the fingers. Such a case was of importance in relation to what Dr. Russell had brought forward, namely, that temporary and widespread spasmodic anemia of the brain might not only produce temporary abolition of function, but, if long continued, might actually cause severe structural deterioration in the cerebral cortex. In the case he had mentioned there was also slight endocarditis, both aortic and mitral valves were affected, and there was renal disease, but neither of those accounted for the cerebral necrosis.
Dr. FARQUHAR BUZZARD said two examples had been brought forward suggesting, withi very little in the way of proof, the possibility of sufficient vaso-constriction of the cerebral arteries to produce local ischmmia and necrosis. One had been quoted by Dr. Russell from the writings of Professor Osler, and the other had been mentioned by Dr. Steven. The fact that in neither of those cases was there loss of consciousness or convulsions had an important bearing on the suggestions which had been brought forward by Dr. Russell. Dr. RUSSELL, in reply, said that if the heart stoppage was not connected with the fit, it was curious that it immediately preceded the fit. It must be admitted that there were cases in which the stoppage of the heart was succeeded by a fit, and it was suggested by Dr. Feriier that that was a sign of the discharge; but as stoppage of the heart could produce a fit, it would be very odd if that should occur as a mere side issue in the course of some other procedure alleged as the cause of the fit. He did not really attribute the fit to heart disease, but rather to the unstable relationship between the great vagus nerve and the general vaso-motor system; owing to irregularities of control of the vaso-motor system, there was an accidental sudden cardiac inhibition. He had read Dr. John Turner's valuable paper, but thought that his conclusions were open to discussion. For instance, he, Dr. Russell, was not aware that penpheral thrombosis occurred more frequently in epileptics than in other people: lie had not seen a case of ordinary epilepsy with thrombosis. He was quite satisfied that it occurred in the brain, but submitted that it was the result, not the cause, of a fit. It had been said that there was a preponderence of nuclein in the clot; but before that could be accepted as peculiar to epilepsy, it would have to be shown that it did not occur in other clots. He admitted that the phonomena of Jacksonian convulsions were difficult of explanation, but he did not regard the Jacksonian fit as being quite the same as an ordinary epileptic fit; the latter, being a very sudden phenomenon, surely must have a very sudden cause. The Jacksonian fit was, fundamentally, of gradual onset, and it might conceivably be due to spreading vaso-constriction. With regard to uramia, he was ready to believe in the existence of poisons circulating in the blood, but the nature of such poisons had never been determined. He thought that the evidence of increased intracranial tension in ureemia and the frequent recovery after the diminution of that tension by lumbar puncture pointed to a mechanical rather than a chemical cause. Phenomena seen in an urmemic convulsion and an epileptic fit were so similar that evidence that they were of different nature must be overwhelming to be accepted. His idea was that there must be a common factor to both. The effect of absinthe was very difficult to explain, and he hesitated to submit any suggestions on the matter. The case of Dr. Walter Broadbent's, in which the blood was prevented from returning to one side of the cortex by an embolus, and in which the contralateral side showed no clonic spasms, was in favour of the view that the return of the blood, after the period of cardiac inhibition, was the cause of the clonic spasms. He could not agree with Dr. Gossage's objection to his comparison of the fits attending bradycardia with those of epilepsy, viz., that the former were only epileptiform, in that in genuine epilepsy, short of the fully developed fit, there were so many incompletely developed attacks, aura only, unconsciousness only, slight fits, &c. In other words epilepsy itself showed many attacks which could only be called epileptiform. He agreed that cerebral congestion accompanied a fit, but it was venous, it was the result of the muscular spasms and was concomitant with an arterio-capillary cerebral anaemia. Cases of bradycardia occurred with long cardiac asystole not accompanied by a severe fit, and he suggested the following explanation: that though there was ventricular asystole, the auricular systole might be projecting blood through the auricular and aortic valves, the peripheral pressure in the aorta being very small, so that some circulation might be going on. The question had been asked why there were so many cases of recorded arrest. The arrest was very sudden and very transient, and unless the finger happened to be on the pulse at the moment it was not observed. If inhibition occurred for a few seconds, say from ten to fifteen, or perhaps less, the patient would have a fit. The features of the family mentioned by Dr. Biernacki would require more time to discuss than was available. The case related from Glasgow by Dr. Steven was extremely interesting and valuable. In conclusion, Dr. Russell expressed his obligation to Fellows for so fully discussing his paper.
